Purpose The aim of the study was to investigate whether perceived family functioning of adolescent is moderating or mediating the longitudinal association of adolescent internalizing and externalizing psychopathology with quality of life (QoL) after 6 months in the general population. Methods Using a cluster sampling technique in one Norwegian county 1331, 10-to 16-year-old students were included in the study (51 % girls). Parents completed the Child Behavior Checklist for the assessment of adolescent psychopathology at Time 1. The students completed the General Functioning Conclusions Family functioning significantly mediated the longitudinal association between psychopathology and QoL. Because the family remains an important social domain for adolescents, it must be an important consideration when attempting to reduce or alleviate psychopathology in youth and improve the quality of their life experience throughout this period.
Introduction
Little is known about the specific connections between psychopathology, family functioning and quality of life (QoL) in the general adolescent population. Such knowledge would be important for both parents and professionals, for example, school counselors, family and child therapists, and psychiatrists, to optimize interventions for youth with emotional and behavioral problems. Adolescence represents a vulnerable developmental period when youth spend more time with friends outside the family and may appear less connected to their family [1] . However, the transformation model from childhood to adulthood [2] emphasizes that the family still plays a salient role, and in that an important developmental task for adolescents is to achieve psychological independence from parents while maintaining connectedness with them. At the same time, adolescence is the period in which many mental disorders begin to develop [3] . The overall prevalence of disorders with severe impairment and/or distress was 22.2 % in a nationally representative sample of US adolescents [4] . The median age of onset was 11 years for behavior disorders and 13 years for mood disorders. For one in five adolescents with psychopathology, this developmental task of transforming the relationship with family may represent even a larger challenge than for those without mental health problems. Poor mental health is strongly related to other health and developmental concerns in young people, notably lower educational achievements, substance abuse, violence [3] and criminal activity, and they are more likely to have conceived a child [5] . These material and social indicators provide important information about adolescents' life conditions associated with psychopathology. In addition, a new focus on well-being and QoL of children has been established in psychology during recent years [6] .
Here, we define QoL as the adolescent's perceived subjective well-being and satisfaction with life that is best evaluated by the adolescent, according to his/her own experience with regard to several life domains [7] . This concept is partly comprised of positive and negative effects as an emotional appraisal of health and life circumstances, as well as an emotional state that is determined by interpersonal aspects and temperament. Although QoL is influenced by one's psychological state, it can be distinguished from the concept of ''psychopathology,'' which refers specifically to mental health problems, symptoms or disorders [8] . Even though QoL is lower in child psychiatric patients compared with peers not in treatment but with equal levels of psychopathology [9] , it is possible to improve QoL without psychiatric symptom reduction [10] .
To further investigate the link between adolescent psychopathology and QoL, larger longitudinal studies in the general population are called for, but they have been sparse thus far. Chen and colleagues [11] have shown that mental disorders in adolescence may have more adverse long-term associations with QoL than do physical illnesses in adulthood 17 years later. Further, it has been shown that changes in mental health status are associated with children's and adolescents' health-related QOL over a 3-year period, in that improvements in mental health status may protect against poorer health-related QoL (HRQoL), while a worsening in mental health status is a risk factor for poorer HRQoL [12] . Adolescents' self-rated physical and mental health declined significantly from 2001 to 2010, especially among those in low-income families [13] .
The high burden of psychopathology has serious consequences for family functioning, in that psychopathology impact not just on the individuals affected but also on those around them, including immediate family and other relatives (p. 3) [14] . Further, mental disorders may be both a cause and a consequence of family difficulties [14] . Thus, adolescent report of family functioning problems was found to be the strongest correlate of referral to speciality mental health services, more so than mental health problems except for suicidality [15] . Studies indicate that family functioning of children and adolescents with depression is poorer than that of controls [16, 17] and that an increased amount of coexisting mental health problems in adolescents with ADHD were associated with poorer family functioning and QoL [18] . Findings also showed that both maternal and paternal anxiety and depression were significantly associated with subjective well-being, self-esteem, anxiety/depression, and social anxiety in both daughters and sons [19] . However, in a longitudinal community study, no evidence was found that family dysfunction played a causal role in subsequent adolescent depressive disorder [20] . At the same time, good family functioning or cohesion may also represent a protective factor promoting resilience [21] . For example, higher family cohesion has been associated with lower internalizing and externalizing problem behavior in children [22] , and while adoption from foster care is negatively associated with family functioning, higher family cohesion mediate this influence on children's ADHD symptomatology [23] .
Aims of the study
The goal here was to investigate two possible mechanisms that could clarify the role of family functioning in the relationship between psychopathology and QoL in adolescence: (1) Family functioning could mediate this relationship such that higher adolescent pathology is associated with lower family functioning, which in turns is associated with poorer QoL and that this mechanism accounts for a significant portion of the association between adolescent psychopathology and QoL. (2) Family functioning could moderate the association between psychopathology and QoL, suggesting that good family functioning would protect against a link between psychopathology and poor QoL. We depict these two models in Fig. 1 . Understanding the role of family functioning in the link between adolescent psychopathology and QoL may provide direction how the whole family can be a target for both prevention and treatment of adolescent psychopathology during a sensitive developmental period. Further, we wanted to examine these processes separately for internalizing and externalizing psychopathology, because it might be that family functioning is differentially associated with these two major dimensions of mental health problems.
Method Population, sample selection and participants
The present study is based on data from the study ''Changes of QoL among Norwegian school children'' [24] , which employed a 6-month prospective cohort observational design. The students in the Norwegian county of Sør-Trøndelag were stratified according to geography and grade, and fourth, sixth, eighth and tenth grades were targeted in the sampling design. In this county, half of the population lives in an urban (the city of Trondheim) and the other half in rural areas. The national Norwegian database for primary education (GSI) was used to enumerate all students attending the targeted grades in all schools and relevant region, which led to that 426 schoolgrade cohorts were identified. We aimed to obtain a representative sample of about 2000 students who consented to participate in the study. We used a cluster sampling technique, and 61 school-grade cohorts were randomly selected for the study, containing 2902 students. Participation exclusion criteria were (a) insufficient competence in the Norwegian language or (b) having a developmental level more than 2 years below the relevant grade. To decide whether a student fulfilled the exclusion criteria, the local coordinator (a teacher at each school) discussed possible students being excluded from the study with the principal investigator, which led to 98 students being excluded. For 786 students, parents did not consent for their participation, and 21 students did not meet scheduled appointments. Thus, 1997 students (990 girls, 1007 boys) aged 8-16 years were enrolled in the study at T1, yielding a response rate of 71.2 % (of 2804). Of the 1909 students eligible, 1821 (95.4 %) completed the 6-month follow-up assessment at T2. The follow-up sample was representative of the population with regard to urban-to-rural resident ratio (1:1.1).
The fourth graders (8-10 years old) from the original sample were excluded for the present study that focused on adolescents, leaving, 447 sixth graders, 383 eighth graders and 501 tenth graders, for a total 1331 students, of which 678 were girls (51 %), mean age 13.1 years (SD = 1.5 years), and range 10-16 years. For these students, 1169 valid parent reports on the Child Behavior Checklist (see below) were available. Table 1 provides more descriptive information, and further details about the sample are provided in [24, 25] .
Assessment procedures
One teacher at each school was appointed as a project coordinator and given information about the research project and procedures for collecting the data. The coordinator informed the students about the project and also sent a standard information letter to their parents. The principal investigator (the first author) or a research assistant was present at each school when the students completed the questionnaires at each assessment occasion. They stressed informant confidentiality and responded to questions, and read questions aloud for students with reading problems. Completed questionnaires marked with an ID number only were collected in sealed envelopes by the researchers. [28] . Reliability was also satisfactory for the scales used in this study [29] .
Quality of life
The Inventory of Life Quality in Children and Adolescents (ILC) [30] consists of seven core items and two additional questions and was developed as a short and practical assessment tool for use in child mental health settings. The Norwegian version of the ILC [31] for adolescents was used to assess QoL over the past week. The seven ILC core items include one global QoL item and six items addressing school performance, family functioning, social integration, interests and hobbies, physical health, and mental health, respectively. Each item is rated on a 1-5 scale (1 = very good, 5 = very bad). After linear transformation, the ILC yields a score on a 0-100 scale (0 = Very low QoL, 100 = Very high QoL). Satisfactory reliability of the Norwegian ILC was evidenced by Cronbach's alpha = 0.81 for adolescents and ICC test-retest = 0.89 for sixth graders. Validity of the Norwegian version was also satisfactory [31] . Data from the ILC at T2 were used in the present study. Also, for the present study the item addressing family functioning was excluded due to logical overlap with the construct of family functioning (see below), leaving six items to measure QoL.
Family functioning
The General Functioning Scale (GFS) of the Norwegian version [15] of the McMaster Family Assessment Device (FAD) [32] is a 12-item adolescent self-report measure of family functioning in six areas, including problem solving, communication, roles, affective responsiveness, affective involvement and behavioral control [33] . Each item is rated on 1-4 rating scales, (1 = Strongly agree and 4 = Strongly disagree). Every second item is negatively worded.
Responses are transformed for negatively worded items and summed to obtain an overall family functioning score, ranging 12-48 [32] where a low score reflect healthy and a high score unhealthy family functioning [34] . The internal consistency reliability of the GFS is good, with a Chronbach's alpha of 0.92 [32] . The construct validity of the GFS was supported in a large epidemiological study of all children from 4 to 16 years in [33] . Validity was assessed by hypothesizing the relationships expected between the GFS scores and other family variables such as parental deviance, alcohol abuse, emotional disorder, marital disharmony, parental separation, spouse abuse and mental health of parent included in the Ontario Child Health Study. Data from its administration at T2 were used in the present study.
Statistics
Due to our cluster sampling procedure, we first explored possible cluster effects by mixed linear models. The results of an analysis of unconditional random effects showed that only 3.6 % of the total variance of the ILC sum scores, the dependent variable in our analysis, could be explained by differences between the 61 school-grade cohorts in the study. Because the QoL measure in the sample was only minimally influenced by differences between grade cohorts, the main analyses were conducted on an individual level. Applying Full Information Maximum Likelihood (FIML), all further analyses were based on a complete dataset of N = 1331. Missing item values were low for the 1331 adolescents reporting on the ILC (0.2-1.5 %) and GFS (0.9-3.5 %), and higher for CBCL (12.2 %) and SES information (10.5 %).
To explore the relationships among adolescent internalizing and externalizing psychopathology at T1 and family functioning and QoL at T2, these concepts were treated as latent variables. The CBCL subscales Anxious/ depressed, Withdrawn/depressed and Somatic Complaints were indicators for Internalizing psychopathology, and the Rule-breaking and Aggression subscales were indicators for Externalizing psychopathology. An exploratory factor analysis (EFA) of the GSF indicated that ''family functioning'' should be divided into ''positive family functioning'' and ''negative family functioning'' according to positive or negative wording of the questions, see Table 2 . ''QoL'' was measured by six ILC core items.
Because not all scales of the CBCL, and not all items of the ILC were used in this research, and because the factor structure of the Norwegian version of the GSF has not been established in previous research, the validity of the original scales could not be assumed to apply. Fit indices were therefore reported for the measurement model in order to validate the three latent variables in this study [35] , including the Chi-square test (v 2 ), comparative fit index (CFI), the Tucker-Lewis index (TLI), and root-meansquare error of approximation (RMSEA). With respect to CFI and TFI, values above 0.95 are considered indications of good fit, whereas values below 0.06 are considered indices of good fit with respect to the RMSEA. The structural equation model was estimated with the weighted least-square parameter estimates using the WLSMV method due to the categorical nature of the ILC and GSF items. Completely saturated structural models where all latent variables were regressed on each other were tested (see Fig. 1 ). In accordance with our research questions, the path models are therefore explorative, and we will not report decomposable fit indices for the path model. We also calculated the sum of indirect effects with 95 % confidence intervals for the mediated paths in the models using bootstrapping [36] . The path model was adjusted for sex, age and SES in the analyses. Whereas we used Mplus, version 7.2 [36] for the structural equation analyses, IBM SPSS Statistics 19 was used for other statistics. Alpha level of two-sided p values \.01 was considered statistically significant. 
Results

Measurement model
Except for a significant Chi-square statistic (v 2 (262) = 1170, p \ .0001), other measures of goodness of fit indicated a good measurement model fit (CFI = .957, TLI = .951, RMSEA = .051). A significant Chi-square statistic is, however, not surprising due to the large sample size. Table 2 displays the results of the measurement model with standardized factor loadings. Also indicative of an acceptable model fit, factor loadings were satisfactory for all indicators (C0.549). Table 3 reports the correlations among the latent variables, which are from low to moderate, except for positive and negative family functioning which, as expected, showed a high correlation. Figure 2 displays the standardized regression weights for the statistically significant paths in the models. The indirect paths from psychopathology to QoL showed that increased internalizing and externalizing psychopathology were significantly associated with poor family functioning 6 months later. Further, both positive family functioning and negative family functioning were significantly associated with QoL both in the internalizing and externalizing model, where poor family functioning was associated with poor QoL. The regression coefficients for paths from psychopathology to QoL remained significant, but decreased (b = .199 for the internalizing and b = .102 for the externalizing model) in each case when including the indirect path via family functioning compared with only the direct path from psychopathology to QoL (b = .293 and b = .224, respectively). The sum of indirect effects were significant 0.093 (95 % CI 0.054-0.133) for internalizing and 0.119 (95 % CI 0.076-0.162) for externalizing psychopathology. Thus, family functioning can be interpreted significantly to mediate the longitudinal association between psychopathology and QoL.
Family functioning as a mediator
Family functioning as a moderator
A moderation model was tested by including the interactions between the two family functioning latent variables and internalizing and externalizing psychopathology, respectively, together with the four main effects in a model being regressed on QoL. However, none of these interaction paths was significant. Thus, family functioning cannot be interpreted to moderate the association between psychopathology and QoL 6 months later.
Discussion
This is the first study that we are aware of to investigate in adolescents in the general population whether their perceived family functioning is mediating and/or moderating Fig. 2 Mediation model significant paths with standardized coefficients controlled for adolescent sex, age and family SES the effect of psychopathology on their subjective QoL over a 6-month period. Both internalizing and externalizing psychopathology predicted QoL 6 months later. Further, the results supported the mediation model (see Fig. 1 ), for both internalizing and externalizing psychopathology. Adolescents with higher psychopathology according to their parents, in either the internalizing or externalizing domains, also perceived a reduced functioning of their family 6 months later, and poor family functioning was in turn associated with a reduced subjective QoL at that time. However, not all of the effect of adolescent psychopathology on QoL was mediated by family functioning, as indicated by a reduced but still significant direct prediction of QoL in the mediation model. For internalizing psychopathology, the mediation model reduced the direct effect on QoL by one-third and for externalizing psychopathology by one-half. There was no support for the model proposing that perceived family functioning moderated the effect of adolescent psychopathology on their subjective QoL 6 months later.
Our results are in accordance with the transformation model from childhood to adulthood [2] , emphasizing that the family still plays a salient role during adolescence. An important developmental task for adolescents in this period is to achieve psychological independence from parents, while still maintaining connectedness with them. We have shown in an earlier study [24] that eighth graders in the community reported a decrease in QoL in the family domain over a 6-month follow-up period as compared to those in the sixth grade when measured with another QoL instrument, the KINDL [37] . These child-reported changes represented small effects and could be interpreted as reflecting normal psychological development during puberty together with contextual transitions in parent-child relationships. In the present study, which included adjustments for age and sex effects, we found that externalizing problems were associated over time with a reduced QoL, and that this association was partly mediated by a reduced family functioning. Thus, the family appears involved in adolescents who display behavioral problems. These results are in accordance with earlier research, for example reporting that family cohesion was negatively associated with adolescents' externalizing problems [38] . Likewise, maternal warmth and overall parental emotional support, in addition to overall neighborhood support, were important predictors of externalizing behavior problems [39] . On the other hand, elevations in adolescent problem behavior prospectively predicted decreases in perceived family cohesion and increases in family conflict [40] , but family cohesion and conflict did not predict problem behavior. Even if our study has a longitudinal design, we cannot draw conclusions with regard to causality. However, our study extends previous research by adding the adolescents QoL perspective. These results suggests it is important to address the whole family, either by strengthening it preventively or treating and supporting it when it includes an adolescent with externalizing problems, to increase his/her QoL.
We found that family functioning is also mediating the link between internalizing problems and QoL after 6 months. This result is consistent with several studies reporting that psychological well-being and self-esteem are reduced in children of mothers with depression [41] . Further, both maternal and paternal anxiety and depression were significantly associated with subjective wellbeing, self-esteem, anxiety/depression, and social anxiety in both adolescent daughters and sons [19] . Thus, family aggregation of internalizing mental health problems may have negative consequences for offsprings' QoL and subjective well-being. Further, reduced psychological well-being may constitute a risk of depression [41] , whereas high well-being protects against depression [42] . In our study, we did not find family functioning being a moderator of the association between internalizing problems and QoL. Thus, we cannot conclude from our study that a healthy family functioning is protecting adolescents with internalizing problems experiencing reduced QoL. However, our findings emphasize the important role of family functioning for adolescent QoL when the offspring suffers internalizing problems. The developmental task for adolescents to achieve psychological independence from parents, while maintaining connectedness with them, can become jeopardized in an overprotective family. In their conceptual overview Ballash and colleagues point out that extensive research is indicating that anxious parents or parents of anxious children are more controlling than nonanxious parents at various child ages [43] . Further, they hypothesize that anxious parents could be unable to adjust their controlling behavior appropriately to their child's developmental progression. For adolescents with externalizing behavior problems, well-established interventions are available involving the family and community (e.g., Multisystemic Therapy [44] ). However, therapy for internalizing problems as anxiety and depression are often individualized (e.g., cognitive behavioral therapy). Our results suggest that in treatment also of adolescents with internalizing problems, professionals should consider enhancing and inhibiting family processes beyond providing individual interventions, which could increase adolescents' QoL during a vulnerable developmental period. general population of adolescents. A sizable cohort could be followed prospectively over 6 months with quite low attrition (\5 %). Two hypothesized models of mechanisms for family functioning were examined with sophisticated analytic techniques with due consideration for measurement errors. One important limitation is the correlational design, which prohibits confirmation of causality. Moreover, not measuring all constructs at both time points removed the possibility to examine all possible concurrent and longitudinal associations using full cross-lagged or autoregressive models. For example, it is conceivable that family functioning is a causal mechanism primarily influencing adolescent psychopathology, contrary to the interpretation implied in the meditational model tested here. However, this could not be evaluated without measuring both constructs at both times. Another limitation may be the Norwegian population examined here, which is more homogeneous regarding ethnic and socioeconomic status compared to most others. All constructs were measured with questionnaires, each from a single source, and multiinformant and/or multi-method measurements would be an improvement.
Strengths and limitations of the study
Conclusion
Problems in adolescence do not inevitably develop as previously held [45] ; however, adolescence may be a challenging period for some. When psychopathology develops in adolescence, this inevitable interacts with the functioning of the family. In the present study, family functioning significantly mediated the longitudinal association between psychopathology and QoL in the adolescent general population, also with regard to internalizing problems. The family remains the most important social domain for the vast majority of adolescents [2, 46] , and it must be an important consideration when attempting to reduce or alleviate psychopathology in youth and improve their quality of their life experience throughout this period.
